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1
RESIST UNDERLAYER COMPOSITION AND
METHOD OF MANUFACTURING
SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE USING THE SAME

BACKGROUND

1. Field

Embodiments relate to a resist underlayer composition and
a method of manufacturing a semiconductor integrated cir-
cuit device using the same.

2. Description of the Related Art

Lithography processes may minimize reflection between a
resist layer and a substrate in order to increase resolution. For
this reason, an anti-reflective coating (ARC) may be used
between the resist layer and the substrate to improve the
resolution. However, since the anti-reflective coating material
may have a similar basic composition as a resist material, the
anti-reflective coating material may exhibit a poor etch selec-
tivity with respect to the resist layer with an image imprinted
therein. Therefore, an additional lithography process in a
subsequent etching process may be performed. Also, resist
materials may not have sufficient resistance to the subsequent
etching process. When a resist layer is thin, when a substrate
to be etched is thick, when an etch depth is deep, or when a
particular etchant is required for a particular substrate, a resist
underlayer may be used.

The resist underlayer may include, e.g., two layers having
an excellent etch selectivity. Referring to FIG. 1, a first resist
underlayer 3, which may be formed of an organic material,
may be formed on a substrate 1. The substrate 1 may be
formed of a silicon oxide layer. A second resist underlayer 5
may be formed on the first resist underlayer 3. Finally, a resist
layer 7 may be formed on the second resist underlayer 5.
Since the second resist underlayer 5 may have a higher etch
selectivity with respect to the resist layer 7 than the substrate
1, a pattern may be easily transferred even when a thin resist
layer 7 is used. The first resist underlayer 3 may be etched and
the pattern may be transferred by using the second resist
underlayer 5 having a pattern thereon as a mask. Then, the
pattern may be transferred to the substrate 1 using the first
resist underlayer 3 as a mask. To sum up, a substrate may be
etched to a desired depth by using a thinner resist layer 7. The
second resist underlayer may be a layer formed under the
resist layer and may function as an anti-reflective coating
material. The second resist underlayer may have an optical
characteristic in that it may absorb light emitted from an
exposer and may not reflect the light. Particularly, as semi-
conductor devices are miniaturized to have a linewidth of
only tens of nanometers, semiconductor fabrication pro-
cesses may require a delicate control of the optical character-
istics.

SUMMARY

Embodiments are directed to a resist underlayer composi-
tion and a method of manufacturing a semiconductor inte-
grated circuit device using the same, which represent
advances over the related art.

It is a feature of an embodiment to provide a resist under-
layer composition having an easily adjustable refractive
index and absorbance at wavelengths of less than about 250
nm.

It is another feature of an embodiment to provide a resist
underlayer having excellent anti-reflective characteristics.
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2

Itis another feature of an embodiment to provide a method
of manufacturing a semiconductor integrated circuit device
with fine patterns.

At least one of the above and other features and advantages
may be realized by providing a resist underlayer composition
including a solvent; and an organosilane polymer, the orga-
nosilane polymer being a condensation polymerization prod-
uct of at least one first compound represented by Chemical
Formulae 1 and 2 and at least one second compound repre-
sented by Chemical Formulae 3 to 5;

[R']38i-[Ph'],-Si[R?]; [Chemical Formula 1]

[R']5Si-[Ph!],,-Ph? [Chemical Formula 2]

[R'];8i—(CH,),—R? [Chemical Formula 3]

[R!1;8i—R* [Chemical Formula 4]

[R!];8i—X—Si[R?], [Chemical Formula 5]

wherein, in Chemical Formulae 1 to 5 Ph' is a substituted
or unsubstituted phenylene group, Ph? is a substituted or
unsubstituted phenyl group, R' and R* are each indepen-
dently a halogen, a hydroxyl group, an alkoxy group, a car-
boxyl group, an ester group, a cyano group, a haloalkylsulfite
group, an alkylamine group, an alkylsilylamine group, or an
alkylsilyloxy group, R? is a substituted or unsubstituted C6 to
C12 aryl group, R* is hydrogen or a C1 to C6 alkyl group, X
is a substituted or unsubstituted linear alkylene group, a sub-
stituted or unsubstituted branched alkylene group, or an alky-
lene group including an alkenylene group, an alkynylene
group, a heterocyclic group, an urea group, or an isocyanurate
group in its main chain, 1 and m are each independently
integers of 1 to 4, and n is an integer of 0 to 5.

The organosilane polymer may be produced by a conden-
sation polymerization reaction of about 1 to about 99 mol %
of the at least one first compound represented by Chemical
Formulae 1 and 2 and about 1 to about 99 mol % of'the atleast
one second compound represented by Chemical Formulae 3
to 5, under an acid catalyst or a base catalyst.

The organosilane polymer may have a weight average
molecular weight of about 2,000 to about 50,000.

The organosilane polymer may be included in an amount of
about 0.1 to about 50 wt %, based on a total weight of the
resist underlayer composition.

The resist underlayer composition may further include at
least one of a cross-linking agent, a radical stabilizer, and a
surfactant.

The resist underlayer composition may further include a
cross-linking catalyst, the cross-linking catalyst including at
least one of pyridinium p-toluenesulfonate, amidosulfobe-
tain-16, ammonium(-)-camphor-10-sulfonic acid ammo-
nium salt, ammonium formate, alkyltriethylammonium for-
mate, pyridinium formate, tetrabutyl ammonium acetate,
tetrabutyl ammonium azide, tetrabutyl ammonium benzoate,
tetrabutyl ammonium bisulfate, tetrabutyl ammonium bro-
mide, tetrabutyl ammonium chloride, tetrabutyl ammonium
cyanide, tetrabutyl ammonium fluoride, tetrabutyl ammo-
nium iodide, tetrabutyl ammonium sulfate, tetrabutyl ammo-
nium nitrate, tetrabutyl ammonium nitrite, tetrabutyl ammo-
nium p-toluene sulfonate, and tetrabutyl ammonium
phosphate.

The first compound may include bis(triethoxysilyl)biphe-
nyl and the second compound may include bis(triethoxysilyl)
ethane, phenyltrimethoxysilane, and methyltrimethoxysi-
lane.

At least one of the above and other features and advantages
may also be realized by providing a resist underlayer compo-
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sition including a solvent; and an organosilane polymer, the
organosilane polymer including a repeating unit represented
by Chemical Formula 6:

(810, 5-[Ph'],-8i0, 5),(Ph*-[Ph'],,-SiO 5),(R*—
CHy,—Si0) 5)(R*—85i0) 5510 s—X—
SiO; 5). [Chemical Formula 6]
wherein, in Chemical Formula 6 Ph' is a substituted or
unsubstituted phenylene group, Ph? is a substituted or unsub-
stituted phenyl group, R? is a substituted or unsubstituted C6
to C12 aryl group, R* is hydrogen or a C1 to C6 alkyl group,
X is a substituted or unsubstituted linear alkylene group, a
substituted or unsubstituted branched alkylene group, or an
alkylene group including an alkenylene group, an alkynylene
group, a heterocyclic group, an urea group, or an isocyanurate
group in its main chain, 1 and m are each independently
integers of 1 to 4, n is an integer of 0 to 5, and a, b, ¢, d, and
e satisfy the relations: 0=a=<0.99, 0=b=0.99, 0.01=a+b=<0.99,
0=c=0.99, 0=d=<0.99, 0<e<0.99, 0.01 =c+d+e=<0.99, and a+b+
c+d+e=1.

At least one of the above and other features and advantages
may also be realized by providing a resist underlayer includ-
ing an organosilane polymer including a repeating unit rep-
resented by Chemical Formula 6:

(810, 5-[Ph'];-8i0, 5)o(Ph*-[Ph'],,-SiO 5),(R*—
CH,,—Si0 5)(R*—Si0, 5)ASi0, s—X—
SiO; 5). [Chemical Formula 6]
wherein, in Chemical Formula 6 Ph' is a substituted or
unsubstituted phenylene group, Ph? is a substituted or unsub-
stituted phenyl group, R? is a substituted or unsubstituted C6
to C12 aryl group, R* is hydrogen or a C1 to C6 alkyl group,
X is a substituted or unsubstituted linear alkylene group, a
substituted or unsubstituted branched alkylene group, or an
alkylene group including an alkenylene group, an alkynylene
group, a heterocyclic group, an urea group, or an isocyanurate
group in its main chain, 1 and m are each independently
integers of 1 to 4, n is an integer of 0 to 5, and a, b, ¢, d, and
e satisfy the relations: 0=a=<0.99, 0=b=0.99, 0.01=a+b=<0.99,
0=c=0.99, 0=d=<0.99, 0<e<0.99, 0.01 =c+d+e=<0.99, and a+b+
c+d+e=1.

The resist underlayer may have an absorbance of greater
than about 0.15 and a refractive index of less than about 1.70
under a wavelength condition of about 193 nm.

At least one of the above and other features and advantages
may also be realized by providing a method of manufacturing
semiconductor integrated circuit device, the method includ-
ing providing a material layer on a substrate; forming a first
resist underlayer on the material layer; coating the resist
underlayer composition as claimed in claim 1 on the first
resist underlayer to form a second resist underlayer on the first
resist underlayer; forming a radiation-sensitive imaging layer
on the second resist underlayer; patternwise exposing the
radiation-sensitive imaging layer to radiation to form a pat-
tern of radiation-exposed regions in the imaging layer; selec-
tively removing portions of the radiation-sensitive imaging
layer and the second resist underlayer to expose portions of
the first resist underlayer; selectively removing the patterned
second resist underlayer and portions of the first resist under-
layer to expose portions of the material layer; and etching the
exposed portions of the material layer to pattern the material
layer.

The method may further include forming an anti-reflection
coating after forming the second resist underlayer and priorto
forming a radiation-sensitive imaging layer.

10

15

20

25

30

35

40

45

50

55

60

65

4

The second resist underlayer may include an organosilane
polymer including a repeating unit represented by Chemical
Formula 6:

(Si0, 5-[Ph'],-8i0 5),(Ph*-[Ph'],-Si0; 5),(R*—
CH,,—Si0; 5).(R*—Si0 5),(5i0; s—X—
SiO, 5). [Chemical Formula 6]
wherein, in Chemical Formula 6 Ph' is a substituted or
unsubstituted phenylene group, Ph? is a substituted or unsub-
stituted phenyl group, R? is a substituted or unsubstituted C6
to C12 aryl group, R* is hydrogen or a C1 to C6 alkyl group,
X is a substituted or unsubstituted linear alkylene group, a
substituted or unsubstituted branched alkylene group, or an
alkylene group including an alkenylene group, an alkynylene
group, a heterocyclic group, an urea group, or an isocyanurate
group in its main chain, 1 and m are each independently
integers of 1 to 4, n is an integer of 0 to 5, and a, b, ¢, d, and
e satisfy the relations: 0=a=<0.99, 0=b=0.99, 0.01=a+b=<0.99,
0=c=0.99, 0=d=<0.99, 0<e<0.99, 0.01 =c+d+e=<0.99, and a+b+
c+d+e=1.

BRIEF DESCRIPTION OF THE DRAWING

The above and other features and advantages will become
more apparent to those of ordinary skill in the art by describ-
ing in detail exemplary embodiments with reference to the
attached drawings, in which:

FIG. 1 illustrates a cross-sectional view of a multi-layer
formed by sequentially stacking a first resist underlayer, a
second resist underlayer, and a resist layer on a substrate.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2008-0137227, filed on
Dec. 30, 2008, in the Korean Intellectual Property Office, and
entitled: “Resist Underlayer Composition And Method Of
Manufacturing Semiconductor Integrated Circuit Device
Using The Same,” is incorporated by reference herein in its
entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

As used herein, when specific definition is not otherwise
provided, the term “substituted” refers to one substituted with
a C1 to C30 alkyl group or a C6 to C30 aryl group.

As used herein, when specific definition is not otherwise
provided, the term “alkoxy” refers to —OR; and the term
“ester” refers to —COOR, where R is a C1 to C30 alkyl group
or a C6 to C30 aryl group.

As used herein, when specific definition is not otherwise
provided, the term “alky]” refers to a C1 to C30 alkyl; the term
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“alkylene” refers to C1 to C30 alkylene; the term “an aryl”
refers to a C6 to C30 aryl; the term “arylene” refers to a C6 to
C30 arylene; the term “alkenyl” refers to a C2 to C30 alkenyl;
the term “alkenylene” refers to a C2 to C30 alkenylene; the
term “alkynyl” refers to a C2 to C30 alkynyl; and the term
“alkynylene” refers to a C2 to C30 alkynylene.

As used herein, when specific definition is not otherwise
provided, the term “heterocyclic group” refers to a C3 to C30
heteroarylene group, a C1 to C30 heterocycloalkylene group,
a C1 to C30 heterocycloalkenylene group, a C1 to C30 het-
erocycloalkynylene group, or a fused ring thereof, and
includes a heteroatom of N, O, S, or P in a ring. The hetero-
cyclic group includes 1 to 5 heteroatoms.

The resist underlayer composition according to an embodi-
ment may include, e.g., a solvent and an organosilane con-
densation polymerization product, e.g., an organosilane poly-
mer.

The organosilane polymer may be obtained from, e.g., at
least one first compound represented by Chemical Formulae
1 to 2 and at least one second compound represented by
Chemical Formulae 3 to 5. In other words, the first compound
may include a compound represented by Chemical Formula 1
and/or a compound represented by Chemical Formula 2 and
the second compound may include a compound represented
by Chemical Formula 3, a compound represented by Chemi-
cal Formula 4, and/or a compound represented by Chemical
Formula 5.

[R']58i-[Ph']-Si[R?]; [Chemical Formula 1]

[RY]5Si-[Ph!],,-Ph? [Chemical Formula 2]

[R']38i—(CH,),—R> [Chemical Formula 3]

[RY]58i—R* [Chemical Formula 4]

[R}]58i—X—Si[R?]5 [Chemical Formula 5]

In the above Chemical Formulae 1 to 5:

Ph' may be, e.g., a substituted or unsubstituted phenylene
group,

Ph* may be, e.g., a substituted or unsubstituted phenyl
group,

R' and R? may each independently be, e.g., a halogen, a
hydroxyl group, an alkoxy group, a carboxyl group, an ester
group, a cyano group, a haloalkylsulfite group, an alkylamine
group, an alkylsilylamine group, or an alkylsilyloxy group,

R® may be, e.g., a substituted or unsubstituted C6 to C12
aryl group,

R* may be, e.g., hydrogen or a C1 to C6 alkyl group,

X may be, e.g., a substituted or unsubstituted linear alky-
lene group, a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene group, an
alkynylene group, a heterocyclic group, an urea group, or an
isocyanurate group in its main chain,

1 and m may each independently be, e.g., integers of 1 to 4,
and

n may be, e.g., an integer of 0 to 5.

In an implementation, the organosilane polymer may be
produced by a hydrolysis and condensation polymerization
reaction under and acid or base catalyst of about 1 to about 99
mol % of the at least one first compound and about 1 to 99 mol
% of the at least one second compound. In another implemen-
tation, the at least one first compound may be used in a
concentration of about 1 to about 50 mol % and the at least one
second compound may be used in a concentration of about 50
to about 99 mol %, in order to achieve a desired optical
characteristic controlling effect.
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The organosilane polymer may have a weight average
molecular weight of about 2,000 to about 50,000. In an imple-
mentation, the organosilane polymer may have a weight aver-
age molecular weight of about 3,000 to about 20,000, in
consideration of coating performance on a substrate and to
prevent undesirable generation of gel.

The organosilane polymer may be included in an amount of
about 0.1 to about 50 wt % based on 100 wt % of the resist
underlayer composition. In an implementation, the organosi-
lane polymer may be included in an amount of about 1 to
about 30 wt % in consideration of a coating performance on a
substrate.

The acid catalyst or base catalyst may facilitate acquisition
of the organosilane polymer having a desired molecular
weight by, e.g., properly controlling a rate of the hydrolysis or
condensation polymerization reaction of the first and second
compounds. The acid catalyst and the base catalyst are not
limited to specific ones but what is generally used in the art to
which this disclosure pertains may be used. In an implemen-
tation, the acid catalyst may include, e.g., hydrofluoric acid,
hydrochloric acid, bromic acid, iodic acid, nitric acid, sulfuric
acid, p-toluenesulfonic acid monohydrate, diethylsulfate,
2,4.4,6-tetrabromocyclohexadienone, benzoin tosylate, 2-ni-
trobenzyl tosylate, alkyl esters of organic sulfonic acids, and
acombination thereof. The base catalyst may include, e.g., an
alkylamine such as triethylamine and diethylamine, ammo-
nia, sodium hydroxide, potassium hydroxide, pyridine, and a
combination thereof. The acid catalyst or the base catalyst
may be included in an amount of about 0.001 to about 5 parts
by weight, based on 100 parts by weight of the first compound
and the second compound. Maintaining the amount of the
acid or base catalyst at about 0.001 to about 5 parts by weight
may help ensure formation of a polymer of a desired molecu-
lar weight by properly controlling the reaction rate.

In the resist underlayer composition according to an
embodiment, the solvent may prevent voids and may dry a
film slowly to thereby improve a planar property thereof. The
kind of the solvent is not limited to specific ones, but what is
generally used in the art may be the solvent. In an implemen-
tation, the solvent may include, e.g., a solvent having a high
boiling point that volatilizes at a temperature slightly lower
than a temperature at which the resist underlayer composition
is coated, dried, and solidified. The solvent may include, e.g.,
toluene, propylene glycol methyl ether, propylene glycol
ethyl ether, propylene glycol propyl ether, propylene glycol
methyl ether acetate, propylene glycol ethyl ether acetate,
propylene glycol propyl ether acetate, ethyl lactate, g-buty-
rolactone, methyl isobutyl ketone, or a combination thereof.

The resist underlayer composition may further include an
additive including, e.g., a cross-linking agent, a radical stabi-
lizer, a surfactant, and a combination thereof.

The resist underlayer composition may further include,
e.g., a cross-linking catalyst. The cross-linking catalyst may
include, e.g., pyridinium p-toluenesulfonate, amidosulfobe-
tain-16, ammonium(-)-camphor-10-sulfonic acid ammo-
nium salt, ammonium formate, alkyltriethylammonium for-
mate, pyridinium formate, tetrabutyl ammonium acetate,
tetrabutyl ammonium azide, tetrabutyl ammonium benzoate,
tetrabutyl ammonium bisulfate, tetrabutyl ammonium bro-
mide, tetrabutyl ammonium chloride, tetrabutyl ammonium
cyanide, tetrabutyl ammonium fluoride, tetrabutyl ammo-
nium iodide, tetrabutyl ammonium sulfate, tetrabutyl ammo-
nium nitrate, tetrabutyl ammonium nitrite, tetrabutyl ammo-
nium p-toluene sulfonate, tetrabutyl ammonium phosphate,
and a combination thereof.

The cross-linking catalyst may be added alone or along
with the additive, e.g., the cross-linking agent, the radical
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stabilizer, the surfactant, and combinations thereof, to the
resist underlayer composition including the organosilane
polymer and the solvent.

When the resist underlayer composition includes the addi-
tive, the additive may be included in an amount of, e.g., about
0.0001 to about 1 part by weight, based on 100 parts by
weight of the organosilane polymer. Maintaining the amount
of'the additive at about 0.0001 to about 1 part by weight may
help ensure a desirable storage stability.

The resist underlayer composition may include, e.g., a
solvent and an organosilane polymer including a repeating
unit represented by Chemical Formula 6. In other words, the
organosilane polymer may have a silsequioxane structure.

(S10y 5-[Ph'];-8i0, 5),(Ph*-[Ph'],-SiO, 5),(R*—
(CH2)n7SiOl.5)c(R47SiOI.S)J(Siol.Sixi
SiO; 5). [Chemical Formula 6]

In the above Chemical Formula 6,

Ph' may be, e.g., a substituted or unsubstituted phenylene
group,

Ph* may be, e.g., a substituted or unsubstituted phenyl
group,

R® may be, e.g., a substituted or unsubstituted C6 to C12
aryl group,

R* may be, e.g., hydrogen or a C1 to C6 alkyl group,

X may be, e.g., a substituted or unsubstituted linear alky-
lene group, a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene group, an
alkynylene group, a heterocyclic group, an urea group, or an
isocyanurate group in its main chain,

1 and m may each independently be, e.g., an integer of 1 to
45

n may be, e.g., an integer of 0 to 5, and

a, b, ¢, d, and e may satisfy the relations: 0=a<0.99,
0=b=<0.99, 0.01=a+b=<0.99, 0=c=0.99, 0=d=0.99, 0=<e<0.99,
0.01=c+d+e=<0.99, and a+b+c+d+e=1.

In the organosilane polymer having a repeating unit repre-
sented by Chemical Formula 6, e.g., the “a” unit may be a
residue of the compound represented by Chemical Formula 1,
the “b”’ unit may be a residue of the compound represented by
Chemical Formula 2, the “c” unit may be a residue of the
compound represented by Chemical Formula 3, the “d” unit
may be a residue of the compound represented by Chemical
Formula 4, and the “e” unit may be a residue of the compound
represented by Chemical Formula 5.

The resist underlayer composition according to an embodi-
ment may allow for easy control of the refractive index and
absorbance of a resist underlayer at a wavelength of less than
about 250 nm. Thus, the resist underlayer with excellent
anti-reflective characteristics may be provided.

Another embodiment may provide a resist underlayer
including an organosilane polymer including a repeating unit
represented by Chemical Formula 6.

(S10y 5-[Ph'];-8i0, 5),(Ph*-[Ph'],-SiO, 5),(R*—
(CH2)n7SiOl.5)c(R47SiOI.S)J(Siol.Sixi
SiO; 5). [Chemical Formula 6]

In Chemical Formula 6,

Ph' may be, e.g., a substituted or unsubstituted phenylene
group,

Ph* may be, e.g., a substituted or unsubstituted phenyl
group,

R® may be, e.g., a substituted or unsubstituted C6 to C12
aryl group,

R* may be, e.g., hydrogen or a C1 to C6 alkyl group,

X may be, e.g., a substituted or unsubstituted linear alky-
lene group, a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene group, an
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alkynylene group, a heterocyclic group, an urea group, or an
isocyanurate group in its main chain,

1 and m may each independently be, e.g., an integer of 1 to
45

n may be, e.g., an integer of 0 to 5, and

a, b, ¢, d, and e may satisfy the relations: 0<a<0.99,
0=b=<0.99, 0.01=a+b=<0.99, 0=c=0.99, 0=d=<0.99, 0<e<0.99,
0.01=c+d+e=<0.99, and a+b+c+d+e=1.

When absorbance increases, refractive index may simulta-
neously increase. However, when the resist underlayer com-
position according to an embodiment is used, it is possible to
have both a low refractive and a high absorbance because the
optical characteristics may be adjusted to a desired level by
including the first compound represented by Chemical For-
mula 1 and/or Chemical Formula 2. In an implementation, the
resist underlayer may have an absorbance of greater than
about 0.15 when the refractive index is less than about 1.70
under a wavelength condition of about 193 nm.

Another embodiment may provide a method of manufac-
turing a semiconductor integrated circuit device. The method
may include, e.g., (a) providing a material layer on a sub-
strate; (b) forming a first resist underlayer on the material
layer; (c) coating the resist underlayer composition of an
embodiment on the first resist underlayer to form a second
resist underlayer; (d) forming a radiation-sensitive imaging
layer on the second resist underlayer; (e) patternwise expos-
ing the radiation-sensitive imaging layer to radiation to form
a pattern of radiation-exposed regions in the imaging layer;
() selectively removing portions of the radiation-sensitive
imaging layer and the second resist underlayer to expose
portions of the first resist underlayer; (g) selectively removing
the patterned second resist underlayer and portions of the first
resist underlayer to expose portions of the material layer; and
(h) etching the exposed portions of the material layer to
pattern the material layer

The method may further include forming an anti-reflection
coating after forming the second resist underlayer and priorto
forming the radiation-sensitive imaging layer.

The second resist underlayer may include an organosilane
polymer including a repeating unit represented by Chemical
Formula 6.

(810, 5-[Ph'];-8iO; 5),(Ph*-[Ph'],-SiO, 5),(R*—
(CHy),—8i0) ) (R*—8i0} 5)4(5i0; s—X—
SiO; 5). [Chemical Formula 6]

In Chemical Formula 6,

Ph' may be, e.g., a substituted or unsubstituted phenylene
group,

Ph? may be, e.g., a substituted or unsubstituted phenyl
group,

R® may be, e.g., a substituted or unsubstituted C6 to C12
aryl group,

R* may be, e.g., hydrogen or a C1 to C6 alkyl group,

X may be, e.g., a substituted or unsubstituted linear alky-
lene group, a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene group, an
alkynylene group, a heterocyclic group, an urea group, or an
isocyanurate group in its main chain,

1 and m may each independently be, e.g., an integer of 1 to
45

n may be, e.g., an integer of 0 to 5, and

a, b, ¢, d, and e may satisfy the relations: 0<a<0.99,
0=b=<0.99, 0.01=a+b=<0.99, 0=c=0.99, 0=d=<0.99, 0<e<0.99,
0.01=c+d+e=<0.99, and a+b+c+d+e=1.

A method of forming a patterned material layer may be
carried out in accordance with the following procedure.
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First, a material layer to be patterned, e.g., aluminum or
silicon nitride (SiN), may be applied to a silicon substrate by
any suitable technique known in the art. The material layer
may be, e.g., an electrically conductive, semi-conductive,
magnetic, or insulating material.

A first resist underlayer including an organic material may
be disposed on the material layer. The first resist underlayer
may include, e.g., an organic material including carbon,
hydrogen, oxygen, and the like, and may have a thickness of
about 200 A to about 12000 A. The first resist underlayer is
not limited and may be formed according to various thick-
nesses using various materials by a person skilled in this art.

Then, the resist underlayer composition of an embodiment
may be spin-coated to a thickness of about 100 A to about
4000 A and baked at about 100° C. to about 300° C. for about
10 seconds to about 10 minutes to form a second resist under-
layer. The thickness, baking temperature, and baking time are
not limited, and the second resist underlayer may be formed
according to various thicknesses, baking temperature, and
baking time by a person skilled in this art.

A radiation-sensitive imaging layer may be formed on the
second resist underlayer. Light exposure and development
may be performed to form a pattern on the imaging layer. The
imaging layer and antireflective layer may be selectively
removed to expose portions of the material layer. Dry etching
may be performed using an etching gas. The etching gas may
include, e.g., CHF;, CH,F,, CF,, CH,, N,, O,, Cl,, BCl;, or
a mixed gas. After patterning the material layer, remaining
resist and underlayer may be removed using a photoresist
stripper.

Another embodiment may provide a semiconductor inte-
grated circuit device fabricated using the method. In particu-
lar, the method of an embodiment may be used to form a
patterned material layer structure such as metal wiring line,
hole for contact or bias; an insulation section such as a multi-
mask trench or shallow trench insulation; and a trench for a
capacitor structure such as designing of an integrated circuit
device. Also, the method may be used to form a patterned
layer of, e.g., oxide, nitride, polysilicon, and/or chromium.
The embodiments are not limited to a specific lithographic
method or a specific device structure.

The following examples illustrate this disclosure in more
detail. However, it is understood that this disclosure is not
limited by these examples. A person having ordinary skills in
this art may sufficiently understand parts of this disclosure
that are not specifically described.

Comparative Example 1

630 g of methyltrimethoxysilane (MT) was put into a 3 1
4-neck flask including a mechanical agitator, a condenser, a
dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 5000 ppm
nitric acid aqueous solution was added thereto. Subsequently,
the solution was reacted at about 90° C. for about a 1 week.
After the reaction, an organosilane polymer A1 (weight aver-
age molecular weight=8000, polydispersity (PD)=3.8) was
acquired.

100 g of PGMEA was poured into 5 g of the acquired
polymer to thereby prepare a diluted solution. 0.5 g of pyri-
dinium p-toluenesulfonate as added to the diluted solution to
thereby prepare a resist underlayer composition.

The resist underlayer composition was applied to a silicon
wafer through a spin-coating method and the silicon wafer
coated with resist underlayer composition was baked at a
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temperature of about 200° C. for about one minute to thereby
form a resist underlayer having a thickness of about 1000 A.

Comparative Example 2

621 g (99 mol %) of methyltrimethoxysilane (MT) and 9 g
(1 mol %) of phenyltrimethoxysilane (PT) were putintoa 3 1
4-neck flask including a mechanical agitator, a condenser, a
dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 1% nitric
acid aqueous solution was added thereto. Subsequently, the
solution was reacted at about 100° C. for about a week. After
the reaction, an organosilane polymer A2 (weight average
molecular weight=9500, polydispersity (PD)=4) was
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Comparative Example 3

594 g (96 mol %) of methyltrimethoxysilane (MT) and 36
g (4 mol %) of phenyltrimethoxysilane were put into a 3 1
4-neck flask including a mechanical agitator, a condenser, a
dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 1% nitric
acid aqueous solution was added thereto. Subsequently, the
solution as reacted at about 100° C. for about a week. After the
reaction, an organosilane polymer A3 (weight average
molecular weight=8000, polydispersity (PD)=3.7) w
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Comparative Example 4

568 g (93 mol %) of methyltrimethoxysilane (MT) and 62
g (7 mol %) of phenyltrimethoxysilane (PT) were put into a 3
1 4-neck flask including a mechanical agitator, a condenser, a
dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 1% nitric
acid aqueous solution was added thereto. Subsequently, the
solution was reacted at about 100° C. for about a week. After
the reaction, an organosilane polymer A4 (weight average
molecular weight=7000, polydispersity (PD)=3.5) was
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Comparative Example 5

534 g (89 mol %) of methyltrimethoxysilane (MT) and 96
g (11 mol %) of phenyltrimethoxysilane (PT) were put into a
3 14-neck flask including a mechanical agitator, a condenser,
a dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 1% nitric
acid aqueous solution was added thereto. Subsequently, the
solution was reacted at about 100° C. for about a week. After
the reaction, an organosilane polymer A5 (weight average
molecular weight=5500, polydispersity (PD)=3.0) was
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.
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Comparative Example 6

501 g (85 mol %) of methyltrimethoxysilane (MT) and 129
g (15 mol %) of phenyltrimethoxysilane (PT) were put into a
3 14-neck flask including a mechanical agitator, a condenser,
a dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 1% nitric
acid aqueous solution was added thereto. Subsequently, the
solution was reacted at about 100° C. for about a week. After
the reaction, an organosilane polymer A6 (weight average
molecular weight=6000, polydispersity (PD)=3.1) was
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Comparative Example 7

424 g (75 mol %) of methyltrimethoxysilane (MT) and 206
g (25 mol %) of phenyltrimethoxysilane (PT) were put into a
3 14-neck flask including a mechanical agitator, a condenser,
a dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 2% nitric
acid aqueous solution was added thereto. Subsequently, the
solution was reacted at about 100° C. for about a week. After
the reaction, an organosilane polymer A7 (weight average
molecular weight=7500, polydispersity (PD)=3.6) was
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Comparative Example 8

630 g of phenyltrimethoxysilane (PT) was put into a 3 1
4-neck flask including a mechanical agitator, a condenser, a
dropping funnel, and a nitrogen gas introduction tube, and
dissolved in 1600 g of PGMEA. Then, 300 g of a 3% nitric
acid aqueous solution was added thereto. Subsequently, the
solution was reacted at about 100° C. for about a week. After
the reaction, an organosilane polymer A8 (weight average
molecular weight=3000, polydispersity (PD)=3.0) was
acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Example 1

122 g of bis(triethoxysilyl)biphenyl (BBP), 451 g of bis
(triethoxysilyl)ethane (BE), 25 g of phenyltrimethoxysilane
(PT), and 120 g of methyltrimethoxysilane (MT) were put
into a 3 1 4-neck flask including a mechanical agitator, a
condenser, a dropping funnel, and a nitrogen gas introduction
tube, and dissolved in 1800 g of PGMEA. Then, 200 g of a
5000 ppm nitric acid aqueous solution was added thereto.
Subsequently, the solution was reacted at about 80° C. for
about 3 days. After the reaction, an organosilane polymer B1
(weight average molecular weight=7000, polydispersity
(PD)=3) was acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Example 2

217 g of bis(triethoxysilyl)biphenyl (BBP), 403 g of bis
(triethoxysilyl)ethane (BE), 23 g of phenyltrimethoxysilane
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(PT), and 77 g of methyltrimethoxysilane (MT) were put into
a 3 1 4-neck flask including a mechanical agitator, a con-
denser, a dropping funnel, and a nitrogen gas introduction
tube, and dissolved in 1800 g of PGMEA. Then, 250 g of a
5000 ppm nitric acid aqueous solution was added thereto.
Subsequently, the solution was reacted at about 80° C. for
about 5 days. After the reaction, an organosilane polymer B2
(weight average molecular weight=9700, polydispersity
(PD)=4) was acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Example 3

176 g of bis(triethoxysilyl)biphenyl (BBP), 326 g of bis
(triethoxysilyl)ethane (BE), 73 g of phenyltrimethoxysilane
(PT), and 25 g of methyltrimethoxysilane (MT) were put into
a 3 1 4-neck flask including a mechanical agitator, a con-
denser, a dropping funnel, and a nitrogen gas introduction
tube, and dissolved in 1000 g of PGMEA. Then, 130 g of a
2000 ppm nitric acid aqueous solution was added thereto.
Subsequently, the solution was reacted at about 60° C. for
about 3 days. After the reaction, an organosilane polymer B3
(weight average molecular weight=7000, polydispersity
(PD)=3) was acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Example 4

92 g of bis(triethoxysilyl)biphenyl (BBP), 38 g of phenyl-
trimethoxysilane (PT), and 470 g of methyltrimethoxysilane
(MT) were put into a 3 1 4-neck flask including a mechanical
agitator, a condenser, a dropping funnel, and a nitrogen gas
introduction tube, and dissolved in 1000 g of PGMEA. Then,
200 g of a 5000 ppm nitric acid aqueous solution was added
thereto. Subsequently, the solution was reacted at about 80°
C. for about 5 days. After the reaction, an organosilane poly-
mer B4 (weight average molecular weight=8500, polydisper-
sity (PD)=3.7) was acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Example 5

39 g of bis(triethoxysilyl)biphenyl (BBP), 64 g of phenyl-
trimethoxysilane (PT), and 497 g of methyltrimethoxysilane
(MT) were put into a 3 1 4-neck flask including a mechanical
agitator, a condenser, a dropping funnel, and a nitrogen gas
introduction tube, and dissolved in 1000 g of PGMEA. Then,
200 g of a 5000 ppm nitric acid aqueous solution was added
thereto. Subsequently, the solution was reacted at about 80°
C. for about 4 days. After the reaction, an organosilane poly-
mer B5 (weight average molecular weight=8000, polydisper-
sity (PD)=3.4) was acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-
parative Example 1.

Example 6

75 g of bis(triethoxysilyl)biphenyl (BBP), 39 g of phenyl-
trimethoxysilane (PT), and 486 g of methyltrimethoxysilane
(MT) were put into a 3 1 4-neck flask including a mechanical
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agitator, a condenser, a dropping funnel, and a nitrogen gas
introduction tube, and dissolved in 1200 g of PGMEA. Then,
180 g of a 5000 ppm nitric acid aqueous solution was added
thereto. Subsequently, the solution was reacted at about 80°
C. for about 4 days. After the reaction, an organosilane poly-
mer B6 (weight average molecular weight=8500, polydisper-
sity (PD)=3.6) was acquired.

Subsequent processes, except for the process of acquiring
the organosilane polymer, were performed the same as Com-

14

underlayers according to Examples 1 to 6 exhibited a high
refractive index under a condition of low absorbance. In an
embodiment, the resist underlayer may have an absorbance of
greater than 0.15 when it has a refractive index of less than
about 1.70 under a wavelength condition of less than about
250 nm, e.g., under a wavelength condition of about 193 nm.

In order to realize a high-resolution resist pattern, it may be
desirable to control the refractive index and absorbance of the
second resist underlayer 5. A phenyl group, which is a simple

parative Example 1. 10 light absorbing material, may be used to increase the absor-
bance. The resist underlayer of an embodiment may allow the
Experimental Example 1 refractive index to remain stable as an amount of the phenyl
group becomes higher. Thus, it may be easy to maintain the
Refractive indices (n) and absorbances (k) of resist under- low refractive index. The composition of an embodiment may
layers according to Comparative Examples 1 to 8 and 15 be, e.g.,alight absorbing material that may facilitate control-
Examples 1 to 6 were measured using an ellipsometer (J. A. ling the refractive index and absorbance.
Woollam). The results are shown in Tables 1 and 2. Exemplary embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
TABLE 1 be interpreted in a generic and descriptive sense only and not
20 for purpose of limitation. Accordingly, it will be understood
Refractive  Absor- : 13 . :
MT PT e bance by those of ordinary skill in the art that various changes in
(mol %) (mol %) Polymer Mw (193 nm) (193 nm) fOI.'II.I and details may be made .Witho.ut departing from the
spirit and scope of the present invention as set forth in the
Comparative 100 0 Al 8000 1.52 0.00 following claims
Example 1 ’
Comparative 99 1 A2 9500 155 002 o
Example 2 What is claimed is:
gompalrat;"e 96 4 A3 8000 1.60 0.08 1. A resist underlayer composition, comprising:
xample .
Comparative 93 7 A4 7000 165 0.15 asolvent; . .
Example 4 a cross-linking catalyst, the cross-linking catalyst includ-
Comparative 89 11 A5 5500 170 0.21 30 ing at least one of pyridinium p-toluenesulfonate, ami-
Example 5 dosulfobetain-16, ammonium(-)-camphor-10-sulfonic
Comparative 85 15 A6 6000 1.73 0.26 id . 1 . f Ikvltrieth
Fxample 6 acid ammonium salt, ammonium formate, a kyltriethy-
Comparative 75 25 A7 7500 177 0.47 lammonium formate, pyridinium formate, tetrabutyl
Example 7 ammonium acetate, tetrabutyl ammonium azide, tet-
gompalmté"e 0 100 A8 3000 1.86 100 35 rabutyl ammonium benzoate, tetrabutyl ammonium
RAmp'e bisulfate, tetrabutyl ammonium bromide, tetrabutyl
* MT: (methyltrimethoxysilane) ammonium chloride, tetrabutyl ammonium cyanide, tet-
* PT: (phenyltrimethoxysilane) rabutyl ammonium fluoride, tetrabutyl ammonium
iodide, tetrabutyl ammonium sulfate, tetrabutyl ammo-
TABLE 2
Refractive
BBP MT PT BE index Absorbance
O (mol %) (mol %) (mol %) (mol%) Polymer Mw (193 nm) (193 nm)
Examplel 10 35 5 50 Bl 7000  1.60 0.17
Example2 20 25 5 50 B2 9700  1.58 0.23
Example3 20 10 20 50 B3 7000  1.67 035
Example 4 5 90 5 0 B4 8500  1.57 0.21
Example 5 2 90 8 0 B5 8000  1.64 0.21
Example 6 4 91 5 0 B6 8500  1.58 0.19
* BBP: (bis(triethoxysilyl)biphenyl)
* MT: (methyltrimethoxysilane)
* PT: (phenyltrimethoxysilane)
* BE: (bis(triethoxysilyl)ethane)
55
Referring to Table 1, the resist underlayers formed accord- nium nitrate, tetrabutyl ammonium nitrite, tetrabutyl
ing to Comparative Examples 1 to 8 using conventional orga- ammonium p-toluene sulfonate, and tetrabutyl ammo-
nosilane polymers exhibited increased refractive indices as nium phosphate; and
absorbance increased. Thus, in the resist underlayers of Com- an organosilane polymer, the organosilane polymer being a
parative Examples 1 to 8, it may be impossible to have a low 60 condensation polymerization product of:
refractive index under a condition of high absorbance. In at least one first compound represented by Chemical For-
short, it may be confirmed that the absorbance and the refrac- mula 1 or 2, and
tive index were hardly modified. at least one second compound represented by any one of
However, referring to Table 2, the resist underlayers using Chemical Formulae 3 to 5
the resist underlayer composition according to an embodi- 65  wherein the at least one first compound represented by

ment, i.e., Examples 1 to 6, exhibited low refractive index
under a condition of high absorbance. In addition, the resist

Chemical Formula 1 or 2 includes atleast one compound
represented by Chemical Formula 1, and the at least one
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second compound represented by any one of Chemical
Formulae 3 to 5 includes at least one compound repre-
sented by Chemical Formula 3, at least one compound
represented by Chemical Formula 4, and at least one
compound represented by Chemical Formula 5;

[R']38i-[Ph']-Si[R?], [Chemical Formula 1]

[RY15Si-[Ph!],,-Ph? [Chemical Formula 2]

[R']38i—(CH,),—R> [Chemical Formula 3]

[R1]3Si—R* [Chemical Formula 4]

[R1]3Si—X—Si[R?]5 [Chemical Formula 5]

wherein, in Chemical Formulae 1 to 5:

Ph' is a substituted or unsubstituted phenylene group,

Ph? is a substituted or unsubstituted phenyl group,

R! and R? are each independently a halogen, a hydroxyl
group, an alkoxy group, a carboxyl group, an ester
group, a cyano group, a haloalkylsulfite group, an alky-
lamine group, an alkylsilylamine group, or an alkylsily-
loxy group,

R? is a substituted or unsubstituted C6 to C12 aryl group,

R* is hydrogen or a C1 to C6 alkyl group,

X is a substituted or unsubstituted linear alkylene group, a
substituted or unsubstituted branched alkylene group, or
an alkylene group including an alkenylene group, an
alkynylene group, a heterocyclic group, a urea group, or
an isocyanurate group in its main chain,

1is an integer of 2 to 4, and m is an integer of 1 to 4, and

n is an integer of 0 to 5.

2. The resist underlayer composition as claimed in claim 1,
wherein the organosilane polymer is produced by a conden-
sation polymerization reaction of about 1 to about 99 mol %
of'the at least one first compound, and about 1 to about 99 mol
% of'the at least one second compound, under an acid catalyst
or a base catalyst.

3. The resist underlayer composition as claimed in claim 1,
wherein the organosilane polymer has a weight average
molecular weight of about 2,000 to about 50,000.

4. The resist underlayer composition as claimed in claim 1,
wherein the organosilane polymer is included in an amount of
about 0.1 to about 50 wt %, based on a total weight of the
resist underlayer composition.

5. The resist underlayer composition as claimed in claim 1,
further comprising at least one of a cross-linking agent, a
radical stabilizer, and a surfactant.

6. The resist underlayer composition as claimed in claim 1,
wherein:

the at least one first compound includes bis(triethoxysilyl)
biphenyl, and

the at least one second compound includes bis(triethoxysi-
lyl)ethane, phenyltrimethoxysilane, and methyltri-
methoxysilane.

7. A method of manufacturing semiconductor integrated

circuit device, the method comprising:

providing a material layer on a substrate;

forming a first resist underlayer on the material layer;

coating the resist underlayer composition as claimed in
claim 1 on the first resist underlayer to form a second
resist underlayer on the first resist underlayer;

forming a radiation-sensitive imaging layer on the second
resist underlayer;

patternwise exposing the radiation-sensitive imaging layer
to radiation to form a pattern of radiation-exposed
regions in the imaging layer;
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selectively removing portions of the radiation-sensitive
imaging layer and the second resist underlayer to expose
portions of the first resist underlayer;

selectively removing the patterned second resist under-
layer and portions of'the first resist underlayer to expose
portions of the material layer; and

etching the exposed portions of the material layer to pattern
the material layer.

8. The method as claimed in claim 7, further comprising
forming an anti-reflection coating after forming the second
resist underlayer and prior to forming a radiation-sensitive
imaging layer.

9. The method as claimed in claim 7, wherein the second
resist underlayer includes an organosilane polymer including
a repeating unit represented by Chemical Formula 6:

(810 5-[Ph'];-8i0; 5),(Ph*-[Ph'],-SiO, 5),(R*—
(CH2)n7SiOl.5)c(R47SiOI.5)d(SiO1.57X7
SiO; 5). [Chemical Formula 6]

wherein, in Chemical Formula 6:

Ph' is a substituted or unsubstituted phenylene group,
Ph? is a substituted or unsubstituted phenyl group,
R?is a substituted or unsubstituted C6 to C12 aryl group,
R*is hydrogen or a C1 to C6 alkyl group,

X is a substituted or unsubstituted linear alkylene group,
a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene
group, an alkynylene group, a heterocyclic group, an
urea group, or an isocyanurate group in its main chain,

1is an integer of 2 to 4, and m is an integer of 1 to 4,

n is an integer of 0 to 5, and

a, b, c,d, and e satisfy the relations: 0<a<0.99, 0<b=0.99,
0.01=a+b=<0.99, 0<c=<0.99, 0<d=<0.99, 0<e<0.99,
0.01=c+d+e=<0.99, and a+b+c+d+e=1.

10. A resist underlayer composition, comprising:

a solvent;

a cross-linking catalyst, the cross-linking catalyst includ-
ing at least one of pyridinium p-toluenesulfonate, ami-
dosulfobetain-16, ammonium(-)-camphor-10-sulfonic
acid ammonium salt, ammonium formate, alkyltriethy-
lammonium formate, pyridinium formate, tetrabutyl
ammonium acetate, tetrabutyl ammonium azide, tet-
rabutyl ammonium benzoate, tetrabutyl ammonium
bisulfate, tetrabutyl ammonium bromide, tetrabutyl
ammonium chloride, tetrabutyl ammonium cyanide, tet-
rabutyl ammonium fluoride, tetrabutyl ammonium
iodide, tetrabutyl ammonium sulfate, tetrabutyl ammo-
nium nitrate, tetrabutyl ammonium nitrite, tetrabutyl
ammonium p-toluene sulfonate, and tetrabutyl ammo-
nium phosphate; and

an organosilane polymer, the organosilane polymer includ-
ing a repeating unit represented by Chemical Formula 6:

(Si0, 5-[Ph'],-8i0 5),(Ph*-[Ph'],-8i0; 5),(R*—
(CHy),—8i0 ) (R*—8i0} 5)4(5i0; s—X—
SiO; 5). [Chemical Formula 6]
wherein, in Chemical Formula 6:

Ph' is a substituted or unsubstituted phenylene group,

Ph? is a substituted or unsubstituted phenyl group,

R?is a substituted or unsubstituted C6 to C12 aryl group,

R*is hydrogen or a C1 to C6 alkyl group,

X is a substituted or unsubstituted linear alkylene group,
a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene
group, an alkynylene group, a heterocyclic group, a
urea group, or an isocyanurate group in its main chain,

1is an integer of 2 to 4, and m is an integer of 1 to 4,

n is an integer of 0 to 5, and
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a, b, c,d, and e satisfy the relations: 0<a<0.99, 0=b=0.99,
0.01=a+b=<0.99, 0<c=<0.99, 0<d=0.99, 0<e<0.99,
0.01=c+d+e=<0.99, and a+b+c+d+e=1.
11. A resist underlayer, comprising:
an organosilane polymer including a repeating unit repre-
sented by Chemical Formula 6:

(810, 5-[Ph'];-8i0, 5),(Ph*-[Ph'],-SiO 5),(R*—
(CH,),—S8i0; 5) (R8I0 5)/(Si10; s—X—
SiO; 5). [Chemical Formula 6]
wherein, in Chemical Formula 6:
Ph' is a substituted or unsubstituted phenylene group,
Ph? is a substituted or unsubstituted phenyl group,
R?is a substituted or unsubstituted C6 to C12 aryl group,
R* is hydrogen or a C1 to C6 alkyl group,
X is a substituted or unsubstituted linear alkylene group,
a substituted or unsubstituted branched alkylene
group, or an alkylene group including an alkenylene

15
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group, an alkynylene group, a heterocyclic group, a
urea group, or an isocyanurate group in its main chain,

1is an integer of 2 to 4, and m is an integer of 1 to 4,

n is an integer of 0 to 5, and

a, b, c,d, and e satisfy the relations: 0<a<0.99, 0<b=0.99,
0.01=a+b=<0.99, 0<c=<0.99, 0<d=<0.99, 0<e<0.99,
0.01=c+d+e=<0.99, and a+b+c+d+e=1.

12. The resist underlayer as claimed in claim 11, wherein
the resist underlayer has an absorbance of greater than about
0.15 and a refractive index of less than about 1.70 under a
wavelength condition of about 193 nm.

13. A resist underlayer composition, comprising:

a solvent;

a cross-linking catalyst; and

an organosilane polymer, the organosilane polymer being a

condensation polymerization product of bis(triethoxysi-
lyDbiphenyl, phenyltrimethoxysilane, and methyltri-
methoxysilane.



